Sunflower (Helianthus annuus L.) plants were grown with saline-sodic water (SSW) by treating with potassium (K @ 100 and 200 mg K 2 O kg À1 soil) and farm yard manure (FYM @ 5 and 10% of soil, w/w).
INTRODUCTION
World population growth is reaching the point where good quality water is becoming insufficient for the basic needs of mankind, including irrigation of agricultural land as well as industrial and urban uses. Furthermore, the gap between water supply and demand is ever widening due to uneven distribution of water resources and rapid socioeconomic development, particularly in arid and semiarid regions of the world (Ashraf et al. a) . This situation demands efficient utilization of existing canal water resources or exploration of the possibility of utilizing low quality water to supplement the canal water (Hussain et al. ) . In this regard, ground water can contribute to bridge the gap between existing crop irrigation requirements. However, most of the ground water pumped out is of a brackish nature and injudicious use of such brackish water for crop production results in deterioration of not only crop yield and quality but also soil health and productivity (Izhar-ulHaq et al. ) . It has been estimated that use of brackish water without proper management measures resulted in the development of soil salinity/sodicity on 0.8 billion hectares worldwide (FAO ) and 3 × 10 6 hectares in Pakistan (Iqbal et al. ) . Na þ in brackish water caused the dispersion of clay particles which resulted in clogging of soil pores causing a significant reduction in porosity, permeability, hydraulic conductivity and soil aeration (Oster ) . Similarly, Hussain et al. () reported that when excess Na þ is applied to soil through the use of brackish water, the Na þ content builds up in soil over time, displacing Ca 2þ ions from in-between the clay particles, causing deflocculation and soil dispersion. Cucci & Lacolla () reported that the higher level of salts in the irrigation water resulted in a progressive salinization and sodification of soil, with decreasing values from the top to the deep soil layers.
Long-term use of brackish water without any amendment causes the accumulation of toxic ions, particularly Na þ and Cl À in the rhizosphere which initially causes osmotic stress and reduction in water absorption by plants, and their gradual accumulation in plant parts damages the cell membrane integrity, synthesis of carbohydrates, chlorophyll, proteins, nucleic acid, photosynthetic efficiency and, ultimately, growth and yield of crops (Qadir & Oster ) . 
Sunflower (Helianthus annus
L
MATERIALS AND METHODS
Soil and water characterization 
Physiological determinations

Chlorophyll content
Leaf samples (second fully expanded leaf from the shoot tip)
were collected from sunflower plants during the sixth week of SSW irrigation between 8 a.m. and 9 a.m. Each leaf sample of 0.5 g was cut into small pieces and homogenized in a pre-cooled mortar and pestle using 80% (v/v) acetone.
The extract was centrifuged at 3,000 rpm for 15 minutes and made up to 25 mL with 80% (v/v) acetone. The clear solution was transferred and the optical density was measured at 645 nm and 663 nm against blank in Shimadzu double beam spectrophotometer (Shimadzu UV-1600, UK).
The chlorophyll content was estimated according to the method of Arnon ().
Protein determination
For protein determination, 0.5 g of fresh leaf samples (second fully expanded leaf from the shoot tip) of the same physiological age as for chlorophyll estimation were collected and homogenized in 1 mL phosphate buffer (pH 7.0). The crude homogenate was then centrifuged at 5,000 g for 10 minutes. After that, 0.5 mL 5% of freshly prepared trichloroacetic acid was added and centrifuged at 8,000 g for 15 minutes. The debris was dissolved in 1 mL of 0.1 N NaOH and 5 mL Bradford reagent was added.
Absorbance was measured with a spectrophotometer (Shimadzu UV-1600, UK) at 595 nm using bovine serum albumin (BSA) as a standard. The final concentration of soluble protein was calculated by using BSA standard curve as described by Bradford ().
Proline determination
For proline determination, leaf samples (second fully expanded leaf from the shoot tip) were collected during the sixth week of SSW irrigation between 8 a.m. and 9 a.m.
Proline was determined according to Bates et al. () .
Absorbance was measured at 520 nm with a UV spectrophotometer (Shimadzu UV-1600, UK). 
MSI
Photosynthesis and transpiration rate
During the sixth week of SSW irrigation, measurements for net photosynthetic rate and transpiration rate were made on the fully expanded youngest leaf by using photosynthesis meter (CI-340 hand-held photosynthesis meter). These measurements were made from 10 a.m. to 12 p.m.
Enzyme assay
Fresh leaf samples (the fourth fully expanded leaf from the shoot tip) were collected during the sixth week of SSW irri- One SOD unit was taken to be the amount of enzyme causing 50% inhibition of NBT reduction and expressed in unit mg À1 FW. POD activity was determined using guaiacol oxidation method as described by Li (). The samples were prepared using 1 mL H 2 O 2 (0.2%), 0.95 mL guaiacol (0.2%), 1 mL sodium phosphate buffer of pH 7.0 and 0.05 mL enzyme extract. The increase in absorbance was recorded at 470 nm at 30 second intervals up to 3 minutes with a UV-1600 spectrophotometer. CAT activity was assayed using the method described by Aebi (). 
().
Statistical analysis
Data collected were subjected to statistical analysis using
Mstat-C (Department of Crop and Soil Sciences, Michigan
State University, East Lansing, Michigan, USA) and analysis of variance was used to compare the effects of treatments.
Differences between means were compared using the least significant difference test (LSD, P 0.05).
RESULTS
Soil characteristics
Results revealed that SSW irrigation without any amendment led to the build-up of salts in soil and caused an increase of 165% in soil EC and 100% in SAR while there was a decrease of 6.4% in soil organic matter content compared to control (canal water), although soil organic matter was slightly increased compared to original value (Table 1) .
Application of different levels of K and FYM displaced Na þ from soil and improved K status of soil with the consequent improvement in soil health as indicated by a decrease in soil EC and SAR and improvement in soil organic matter. The soil EC was decreased by 11.5% with K100, 30% with FYM-1, 39% with FYM-2, 43% with K100 þ FYM-1, 48%
with K100 þ FYM-2, 16% with K200, 55% with K200 þ FYM-1 and 54% with K200 þ FYM-2 compared with the SSW irrigation without any amendment. SAR was decreased by 29% with K100, 15.5% with FYM-1, 23.6%
with FYM-2, 31.7% with K100 þ FYM-1, 33.8% with K100 þ FYM-2, 35.1% with K200, 40.5% with K200 þ FYM-1 and 43% with K200 þ FYM-2 compared with the SSW irrigation without any amendment. Organic matter content of soil was increased by 17.8% with K100, 108%
with FYM-1, 155% with FYM-2, 129% with K100 þ FYM-1, 157% with K100 þ FYM-2, 23.3% with K200, 138% with K200 þ FYM-1 and 166% with K200 þ FYM-2 compared with the SSW irrigation without any amendment. Soil pH was decreased non-significantly by the application of different levels of K and FYM to SSW treatment. Values in a column followed by the same letter are not significantly different at P 0.05.
EC, electrical conductivity; SAR, sodium adsorption ratio; CW, canal water (control); SSW, saline-sodic water; SSW þ K100, saline-sodic water þ 100 mg
Ionic concentrations
Irrigation of sunflower with SSW caused a significant (P 0.05) increase in shoot Na þ , decrease in shoot K þ with the concomitant decrease in shoot K þ :Na þ ratio compared with the control (canal water) ( with FYM-2, 47.4% with K100 þ FYM-1, 51% with K100 þ FYM-2, 54.9% with K200, 59% with K200 þ FYM-1 and 57% with K200 þ FYM-2 compared with the SSW irrigation without any amendment. In contrast, shoot K þ concentration was decreased by 52% with SSW irrigation compared with the control. The shoot K þ concentration was increased by 170% with K100, 29.8% with FYM-1, 49% with FYM-2, 212% with K100 þ FYM-1, 257% with K100 þ FYM-2, 237% with K200, 319% with K200 þ FYM-1 and 360% with K200 þ FYM-2 compared with the SSW irrigation without any amendment. The shoot K þ :Na þ ratio was decreased by 94% with SSW irrigation compared with the control. When SSW was amended with K and FYM, shoot K þ :Na þ ratio was increased by 356% with K100, 71.8% with FYM-1, 115% with FYM-2, 500% with K100 þ FYM-1, 635% with K100 þ FYM-2, 653% with K200, 933% with K200 þ FYM-1 and 987% with K200 þ FYM-2 compared with the SSW irrigation without any amendment.
Physiological relations
Physiological relations in terms of RWC, MSI, proline, protein and chlorophyll content, net photosynthetic rate and transpiration rate were significantly (P 0.05) influenced by SSW irrigation as well as K and FYM levels ( Values in a column followed by the same letter are not significantly different at P 0.05.
CW, canal water (control); SSW, saline-sodic water; SSW þ K100, saline-sodic water þ 100 mg K2O kg À1 soil; SSW þ FYM-1, saline-sodic water þ 5% FYM (w/w); SSW þ FYM-2, saline-sodic water þ 10% FYM (w/w); SSW þ K100 þ FYM-1, saline-sodic water þ 100 mg 
Antioxidant enzyme activities
The activities of antioxidant enzymes including SOD, POD and CAT in sunflower were also significantly (P 0.05) Values in a column followed by the same letter are not significantly different at P 0.05. RWC, relative water content; MSI, membrane stability index; CW, canal water (control); SSW, saline-sodic water; SSW þ K100, saline-sodic water þ 100 mg influenced by SSW, K and FYM (Table 4) . SOD activity was found to be minimum (32.60 U mg À1 FW) in control treatment which was increased by 26.5% with SSW irrigation without any amendment. When SSW was amended with K and FYM, SOD activity was increased by 36% with K100, 13.1% with FYM-1, 15.6% with FYM-2, 67.8% with K100 þ FYM-1, 87.5% with K100 þ FYM-2, 58% with K200, 100% with K200 þ FYM-1 and 92% with K200 þ FYM-2 compared with the SSW irrigation without any amendment. Minimum POD activity of 53 U mg À1 FW was recorded in control treatment which was increased by 205% with SSW irrigation without any amendment. However, when SSW was treated with different levels of K and FYM, POD activity was increased by 38.2% with K100, 18.5% with FYM-1, 32.7% with FYM-2, 51.2% with K100 þ FYM-1, 88% with K100 þ FYM-2, 56.8% with K200, 76.5% with K200 þ FYM-1 and 78% with K200 þ 
DISCUSSION
In the area of water supply, present-day agriculture is facing the challenge of acute shortage of good quality irrigation water, probably due to uneven distribution of rainfall and water resources both in time and space and strong water competition among various sectors (Ashraf et al. a) . 
Values in a column followed by the same letter are not significantly different at P 0.05.
SOD, superoxide dismutase; POD, peroxidase; CAT, catalase; CW, canal water (control);
SSW, saline-sodic water; SSW þ K100, saline-sodic water þ 100 mg K 2 O kg À1 soil;
Under these existing situations, water scarcity can be over- 
CONCLUSION
SSW irrigation of sunflower without any amendment led to salt build-up in the soil and resulted in significant increase of soil EC and SAR with a slight change in soil pH. Advanced uptake of salts, particularly Na þ , by plants inhibited K þ uptake and translocation to shoots and increased shoot Na þ with a corresponding decrease in shoot K þ and K þ : Na þ ratio, RWC, MSI, protein and chlorophyll synthesis and net photosynthesis in sunflower grown with SSW. However, when SSW was amended with K and FYM at different levels, K þ readily displaced Na þ from soil, and along with FYM ameliorated the soil physically as well as chemically.
Subsequently, there was a significant reduction in Na þ uptake and translocation to aerial plant parts with an increase in K þ accumulation, K þ :Na þ ratio as well as physiological and antioxidant activities. Finally, displacement of Na þ from soil and plant binding sites by K þ , increase in K þ : Na þ ratio, RWC, MSI, protein content, net photosynthetic rate and stimulation of antioxidant enzyme activities were the main protective mechanisms induced by K and FYM against SSW irrigation. However, the results need to be confirmed under field conditions and the economic feasibility should be calculated.
